Rosen KM: Electrophysiologic effects of atropine on human sinus node and atrium. Am J Cardiol 38: 429, 1976 40. Dhingra RC, Amat-y-Leon F, Wyndham A-V node refractory periods were shorter, and enhanced A-V conduction more frequent (7/12, 58% vs 7/28, 25%) in LGL patients compared to similar studies in 28 normal controls. During laboratory study reciprocating tachycardia (RT) due to re-entry within the A-V node occurred in 4/12 (33%) LGL patients, and exhibited a shorter cycle length (294 ± 60.4 msec) than did the same arrhythmia in 11/28 (39%) controls (372 ± 51.8 msec, P < 0.05). Similarly, RT THE FREQUENT OCCURRENCE of "rapid heart action" in patients exhibiting a short P-R interval and a normal QRS complex on surface ECG has been reported,t 2 and is commonly referred to as the Lown-Ganong-Levine (LGL) syndrome.2 Although several reports have presented results of electrophysiologic studies in patients with this syndrome,3 in few cases has the relation between the electrophysiologic observations and the arrhythmia(s) experienced by the patient been explored.14 16 Consequently, the basis for an association between a short P-R interval and paroxysmal cardiac arrhythmias remains unclear. The purpose of this investigation was to study atrioventricular (A-V) conduction and refractoriness in patients with LGL syndrome, and to evaluate the role played by these electrophysiologic utilizing a concealed accessory pathway had a shorter cycle length (228 ± 3.5 msec) in 2/12 (17%) LGL patients than in 11/28 (39%) controls (314 ± 24.3 msec, P < 0.001). In AF, the shortest R-R intervals in 4/12 (33%) LGL patients (2 group I, 2 group II) were shorter than in 15/28 (54%) control patients (254 ± 42.2 msec vs 325 ± 64.2 msec, P < 0.05). The mean R-R intervals did not differ significantly (LGL 372 ± 89 msec vs control 428 ± 82.6 msec). This study suggests that the characteristics of A-V conduction and refractoriness may permit development of more rapid heart rates during certain arrhythmias in LGL patients compared to normal controls. Furthermore, the occurrence of VT in patients with LGL syndrome indicates that symptomatic arrhythmias require specific diagnosis.
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characteristics in the occurrence of symptomatic arrhythmias in this syndrome.
Methods

LGL Patients
Between January 1974 and April 1977, 12 patients (mean age 30 ± 17.0 years) with the LGL syndrome (defined below) were studied in the Clinical Electrophysiology Laboratory at Duke University Medical Center. All patients were referred for evaluation of intermittent cardiac arrhythmias. In order to be included in this analysis each of the following criteria had to be met: (1) a positive history of paroxysmal rapid heart action; (2) electrocardiographically documented tachyarrhythmias (atrial fibrillation or flutter, narrow QRS complex tachycardia, ventricular tachycardia, or ventricular fibrillation); (3) at least two electrocardiograms obtained during sinus rhythm at a time when the patient was taking no medications, demonstrating a normal P wave axis, P-R interval of 120 msec or less, and normal QRS duration (100 msec or less in patients 15 years of age or older, 90 msec or less in patients aged 5-14 years);17 (4) no electrocardiogram demonstrating a P-R interval greater than 120 msec, at a time when the patient was taking no medication. The electrophysiologic and electrocardiographic findings in these 12 patients form the basis of this report. All patients (or where necessary both the patient and the patient's parents) gave informned consent for these studies. Prior to electrophysiologic study a complete physical examination, chest X-ray, and ECG were obtained on each patient; at time of study all cardioactive medications had been discontinued for an interval exceeding 48 hours.
Under local anesthesia using sterile technique, two 6F quadripolar electrode catheters for recording and stimulating were percutaneously introduced via the right femoral vein and advanced under fluoroscopic control to the apex of the right ventricle (RV), and to the high lateral border of the right atrium (RA). A third 6F quadripolar catheter was introduced via an antecubital vein, usually the left, and advanced to the coronary sinus (CS) in 10/12 patients. In two patients, the CS could not be catheterized. A 6F tripolar electrode catheter was also introduced percutaneously via the right femoral vein and positioned across the tricuspid valve to record a His bundle electrogram (HBE). Following introduction of all catheters, 100 units/kg of heparin sodium was given intravenously.
Standard ECG lead V1 and/or lead II, and electrograms from the RV, the lateral RA, the His bundle, and where available the proximal and distal CS were recorded simultaneously and stored on magnetic tape at 33/4 inches/ second. Intracardiac electrograms were recorded at filter frequencies of 50-1000 Hz. Graphic records were obtained either simultaneously at the time of study or at a later time by playback from tape onto a Mingograf 800-8 channel inkjet recorder at paper speeds of 100-200 mm/second. A simultaneous 10 msec time code was recorded with the data. Stimulation studies were performed using a specially designed stimulator* which delivered impulses of 2 msec duration, employing the minimum impulse intensity permitting consistent capture. All electrical equipment was carefully grounded.
The technique of electrophysiologic study was similar to that described previously for investigation of tachyarrhythmias in this laboratory." [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Following catheter placement conduction intervals (PA, AH, HV intervals) were obtained during sinus rhythm. Using the extrastimulus technique23 refractory periods were determined from the RV and the RA in all patients, and from the CS in 10/12 patients. Depending upon the patient's sinus cycle length in the laboratory, an average of two (range 1-4) refractory period measurements were obtained at each pacing site, employing basic pacing cycle lengths (A,-A,) 700, 600, 500, 400, 350 and 300 msec. Atrial pacing with progressively decreasing cycle lengths was then performed in order to determine the shortest cycle length sustaining 1:1 A-V conduction and the change in conduction intervals with decreasing pacing cycle length.
In seven patients (six with regular narrow QRS tachycardia and one patient with ventricular tachycardia as well as a regular narrow QRS tachycardia) the study protocol included the following additional studies in order to confirm or exclude the presence of an accessory A-V pathway.8-22, [24] [25] [26] [27] (1) Retrograde atrial activation sequence during tachycardia and during induced atrial echo beats was determined from the local atrial electrograms on the RA, CS and His bundle electrode catheters. In addition, detailed septal and RA activation sequences during tachycardia were mapped in 4/7 patients employing a special 7F bipolar mapping electrode catheter developed in this laboratory. '20 21 (2) Premature ventricular depolarizations at progressively shorter coupling intervals were induced from the RV apex during tachycardia in 6/7 patients. 27 In one patient tachycardia did not occur during the study.
In patients in whom an accessory atrioventricular conduction pathway was diagnosed by (1) and (2), atrial pacing near the presumed site of the accessory pathway and induction of atrial fibrillation (AF) by rapid atrial pacing was carried out. Failure to elicit ventricular pre-excitation by these techniques established that the accessory pathway manifested antegrade block.20 [24] [25] [26] In all patients in whom AF was recorded the shortest R-R interval as well as the average R-R interval (determined over several minutes) were measured.
Control Patients
In order to assess the relation between characteristics of A-V conduction and arrhythmias in patients with LGL syndrome, this relation was also examined in a control group consisting of patients having a normal P-R interval (greater than 120 msec and less than 210 msec'7) and arrhythmias comparable to those of LGL patients.
Since January 1974, 32 patients with a normal P-R interval and either regular narrow QRS tachycardia24 or atrial fibrillation/flutter8 have undergone electrophysiological study at Duke University Medical Center. Prior to that time criteria for diagnosis of RT with re-entry within the A-V node did not require exclusion of an accessory A-V pathway with antegrade conduction block (see Definitions). As a result, studies performed prior to January 1974 have been excluded. In addition, the number of patients studied with ventricular tachycardia and no known heart disease was small, and these patients were not included in the control group.
Of the 32 patients with a normal P-R interval, four patients (two with regular narrow QRS tachycardia, two with AF) were excluded from the control group since they had been studied either incompletely or in the presence of cardioactive drugs. Each of the remaining 28 R T due to re-entry within the A-V node was diagnosed if the V-A times < 0 msec and/or the following criteria were satisfied: (1) exclusion of the participation of an accessory A-V pathway in the tachycardia by criteria noted above; (2) retrograde atrial activation sequence initiated earliest in the low medial RA, and indistinguishable from the normal retrograde conduction sequence (excludes sinus node reentry).2"
These criteria do not distinguish arrhythmias caused by re-entry within the A-V node from those re-entering solely within the base of the atrium.
Classification of A -V node refractory period curves:
Atrial and A-V node refractory periods were measured using the extrastimulus technique.23 Each A-V node refractory period measurement was plotted in graphical form23 and A-V refractoriness was characterized using a modification of the classification proposed by Wit et Tables 2 and 3 summarize the laboratory findings in 12 patients with LGL syndrome.
A -V Conduction Figure 1 depicts the pattern of A-H interval change during atrial pacing studies in LGL patients compared to results obtained during similar studies in patients with a normal P-R interval.8 In sinus rhythm (mean cycle length 669 ± 152.4 msec) the mean A-H interval was 46 + 11.7 msec, while during progressively rapid atrial pacing the maximum A-H interval prolongation was 54 ± 59.3 msec. In 7/12 (58%) patients (5/6 group I, 1/2 group II, 1/4 group III) enhanced A-V conduction was present.
A-V Node Refractory Periods Table 3 lists the mean values and standard deviation for refractory periods obtained in LGL patients at three RA pacing cycle lengths (600, 500, 400). These data are compared to refractory period values at corresponding pacing cycle lengths in our normal P-R control subjects with comparable arrhythmias ( 
Arrhythmias
During study, arrhythmias similar to those which had been previously documented, occurred or were precipitated by pacing techniques in 10/12 (83%) patients (table 2) .
Group I. In group I, a regular narrow QRS complex tachycardia occurred during study in 5/6 (83%) patients, and in the remaining patient frequent atrial echo beats were observed.
Reciprocating tachycardia (RT) due to re-entry within the A-V node was diagnosed in 3/6 (50%) group I patients and was suggested by the retrograde activation sequence of induced atrial echo beats in the one patient in whom tachycardia did not occur. However, in the latter patient a concealed accessory conduction pathway24-26 was not unequivocally excluded.
RT due to re-entry utilizing a concealed accessory pathway was proven in 2/6 (33%) group I patients. In each patient the accessory pathway was localized in the A-V groove on the posterior aspect of the left ventricular free wall ( fig. 3) .
In addition to a regular narrow QRS tachycardia, atrial fibrillation (AF) was induced during laboratory study in 2/6 (33%) group I patients. In these two patients (SB, LQ) enhanced A-V conduction was present, and the ventricular response to AF was similar in both patients: average R-R interval 323 msec (186/min) and 300 msec (200/min), and shortest R-R intervals 250 msec and 230 msec, respectively.
Group II. Atrial fibrillation occurred during electrophysiological study in both group II patients.
In one group II patient (MC) atrial pacing and refractory period studies indicated complete functional bypass of fig. 6 ). In this case the rhythm was noted to be more irregular (cycle length varied between 220 and 300 msec) suggesting the possibility of a more rapid underlying tachycardia (approximate cycle length 110-1 15 msec) with variable 2:1 and 3:1 exit block. Interestingly, spontaneous termination of this VT in the laboratory was frequently associated with onset of RT due to re-entry within the A-V node resulting in a regular narrow QRS complex tachycardia ( fig. 6 ).
In one other group III patient (JSS), sudden collapse with documented VT/VF in the emergency room was the first documented tachyarrhythmia. During electrophysiological study enhanced A-V conduction with persistence of 1:1 A-V conduction at atrial pacing cycle lengths as short as 240 msec (heart rate 250/min) was associated with gradual widening of the QRS complex indicative of progressive intraventricular conduction delay ( fig. 7) and was followed by onset of VT. In this patient VT was hemodynamically un-
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stable and tended to degenerate rapidly into VF. It is not possible in this case to compare morphologically the spontaneously occurring arrhythmia to that recorded during electrophysiological study. The fourth group III patient (RO) had had several syncopal episodes associated with palpitations, and required DC cardioversion on one occasion when both VT and VF occurred. In this patient sustained tachycardia did not occur in the laboratory.
Relation of A-V Node Conduction Characteristics to Arrhythmias
Reciprocating tachycardia with re-entry within the A-V node occurred during study in 4/12 (33%) LGL patients, and had a shorter mean cycle length (294 + 60.4 msec) than in 11/28 (39%) control subjects (372 + 51.8 msec, P < 0.05). Similarly in 2/12 (17%) LGL patients with RT utilizing a concealed accessory pathway, the mean cycle length during tachycardia (228 + 3.5 msec) was shorter than in 11/28 (39%) Control A subjects with the same arrhythmia (314 ± 24.3 msec, P < 0.001).
During AF the shortest R-R intervals in 4/12 (33%) LGL patients were less (254 ± 42.2 msec) than in 15/28 (54%) Control A subjects (325 ± 64.2 msec, P < 0.05). The mean R-R interval during AF was also shorter in LGL patients (372 ± 39 msec vs 428 + 82.6 msec), although the difference was not statistically significant.
The development of faster heart rates (shorter mean cycle length) in RT and shorter R-R intervals in AF was associated with more frequent occurrence of enhanced A-V conduction in the LGL group as a whole (7/12, 58%) and particularly in groups I and 11 (6/8, 75%) compared to Control A subjects (7/28, 25%).
There was no apparent relationship between cycle length of VT in group III patients (table 2) and the characteristics of A-V nodal conduction. Although enhanced A-V conduction was present in one group III patient (JSS) in whom VT was initiated by rapid atrial pacing, this rhythm was un- 
Discussion
Although characteristics of A-V conduction and refractoriness in patients with LGL syndrome have been reported,3'-the relationship between electrophysiologic observations and occurrence of symptomatic tachyarrhythmias in patients with this syndrome has been largely unexplored. The present study provides a basis for understanding the role played by abnormal A-V conduction characteristics in certain arrhythmias exhibited by these patients.
Characteristics of A-V Node Conduction and Refractoriness
Electrophysiologic features of A-V conduction and refractoriness in the present study were similar to findings previously reported in patients with LGL syndrome. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Compared to values obtained during conduction system studies in subjects with a normal P-R interval,8 36 the short P-R interval in patients with LGL syndrome resulted primarily from an abbreviated A-H interval. In addition, characterization of A-V node conduction by atrial pacing in these patients demonstrated markedly subnormal A-H interval prolongation ( fig. 1 ). Although two patients did exhibit abrupt prolongation of the A-H interval at critical pacing cycle lengths, both had discontinuous refractory period curves presenting the possibility that a "slow" A-V conduction pathway had been engaged. 28 33-3 Previous studies in patients with LGL syndrome as well as in patients with short P-R intervals, normal QRS complexes and no arrhythmia have reported both normal and short A-V node refractory period values.8 10 Our findings indicate that A-V node refractory periods in LGL patients are shorter than refractory periods measured in patients with a normal P-R but are not different from those recorded in patients with a short P-R interval without a history of tachyarrhythmias.8 '0 Furthermore, refractory period values did not differ among the three LGL patient subgroups. Thus atrial and A-V node refractory periods neither distinguish LGL patients from other patients with short P-R intervals nor do they appear to be related to the type of symptomatic arrhythmias presented.
Arrhythmias Observed
In common with previous reports28' 12 the most frequent rhythm disturbance in this study was a regular narrow QRS complex tachycardia (6/12, 58% patients). Electrophysiological study during this arrhythmia resulted in the diagnosis of RT utilizing a concealed A-V conduction pathway in two patients, and RT due to re-entry within the A-V node in four patients (three group I, one group III).
In three patients with RT due to re-entry in the A-V node discontinuous refractory period curves were observed. This finding has been suggested to indicate the presence of "dual" A-V nodal pathways,28 33. . and has been used to implicate re-entry within the A-V node as a mechanism for recurrent regular narrow QRS tachycardias in certain patients,28, [34] [35] including a few patients with LGL syndrome.", 14 However, since a discontinuous refractory period curve does not exclude participation of a latent accessory A-V pathway, the presence of such a curve is inadequate in itself to identify RT due to re-entry within the A-V node.
A distinctive feature of this study was the frequent occurrence of severe ventricular arrhythmias ( Recently in patients with accessory A-V conduction pathways, it has been shown that the additional presence of enhanced A-V conduction was associated with more rapid heart rates during RT and AF than was seen in patients without this finding. 20 The difference in heart rates during tachycardia was entirely due to shorter A-H intervals in patients with enhanced A-V conduction.20 In the present study enhanced A-V conduction was a frequent finding particularly in group I and group II patients (6/8, 75%), and was associated with faster heart rates during RT and shorter R-R intervals in AF than occurred during similar arrhythmias in patients with a normal P-R interval.
Although enhanced A-V conduction does not account for the occurrence of RT in LGL patients, the frequent association of this finding with a short P-R interval on surface ECG may permit development of more rapid heart rates during these arrhythmias. Furthermore 
